Background: Potentilla mooniana Wight. (PM) (Family: Rosaceae) is a plant commonly grown at the higher altitudes (1500-3660 meter) of the lower Asian continent and is traditionally used to treat gastric and mouth disorders. The present study was aimed to scientifically develop a standard monograph for PM on the basis of pharmacognostical and phytochemical aspects. Methods: Pharmacognostically the roots were analyzed following the standard parameters prescribed under WHO guidelines and Indian Herbal Pharmacopoeia. Results: Morphologically, the roots are cylindrical, dark brown and astringent to bitter in taste. Histologically, the root section showed the formation of secondary growth with wood formation and central lignified xylem vessels. Physicochemical standards quantified includes foreign organic matter (1.20% w/w), loss on drying (9.66% w/w), total ash (12.65% w/w), acid insoluble ash (4.65% w/w), water soluble ash (0.5% w/w), alcohol soluble extractive (21.3% w/w), water soluble extractive (14.6% w/w), foaming index (142.85), swelling index (6.5), haemolytic index (37.77). Quantification of pesti cide residue content and heavy metals such as Pb, Cd, Zn and Hg was analyzed and were found to be present within the permissible limits. Powdered drug showed the presence of lignified xylem vessels with scalariform and spiral thickenings, tracheids, starch grains and fibres. Phytochemical screening showed the presence of phenolics, tannins, flavonoids, steroids, saponins, sugars, and amino acids. Quantification of phytoconstituents were also investigated such as phenolics (84.15mg/g tannic acid equivalent, TAE), tannins (65.31mg/g TAE), flavonoids (9.53mg/g rutin equivalent, RE), flavonols (2.01mg/g RE), saponins (20.75mg/g diosgenin equivalent, DE), sapogenins (15.4mg/g DE) and carbohydrates (56.8mg/g D-fructose equivalent). TLC of the root extract was also analyzed in the present study. Conclusion: In conclusion, the diagnostic characters obtained from the roots of P. mooniana will provide beneficial information in identifying and comparing this plant from other closely related Potentilla species.
INTRODUCTION

Potentilla mooniana Wight. (Synonym: Potentilla polyphylla
Wall. ex Lehm) belonging to the Rosaceae family, is a plant commonly found in Asia at an altitudes of 1500-3660 meter ASL. The plant is a rosette herb with a prolonged leafy flowering stems. Rosette leaves are pinnate (9-35cm long), petiole size ranging from 1.5-10cm having a hairy rachis. Leaflets are [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] pairs, elliptic, up to 10-30mm long and 5-12mm wide gradually smaller towards the base of the leaf. The flowers are pentamerous or sometimes hexamerous bearing yellow coloured petals. [1] The plant grows well in the forest and meadows of the mountain slopes of Ceylon and the Himalayan region. Worldwide the plant is found to be well distributed in the Asian countries like Yunnan, Bhutan, India, Indonesia, Myanmar, Nepal, Pakistan, Sikkim and Sri Lanka. In India, the plant grows abundantly in the state of Assam, West Bengal and in the higher altitudes areas of Meghalaya. [2] Taxonomically, the plant is classified under the plant Kingdom: Plantae; Phylum: Magnoliophyta; Class: Angiospermae; Order: Rosales; Family: Rosaceae; Genus: Potentilla and Species: mooniana. Traditionally, the whole plant as well as the roots are of medicinal value and have been used by the local healers of the Northeast Indian to treat gastric problems (ulcers), cures pyorrhea, acts as stimulant and as antiseptic. The whole plant is grounded and the juice extracted from it is taken in colic and spasmodic pain. [3, 4] The aqueous extract of the plant was reported to have antibacterial activity against the microbial strain Escherichia coli. [5] The plant is locally called under the English name 'many leaved Cinquefoil', Hindi name as 'Masi' and in Meghalaya as 'Langning'. The standardization of the plant has still not yet been established and there is no such work reported so far irrespective of both the pharmacognostical and phytochemical studies. Hence, the main objective of the present study is to scientifically develop a standardization monograph for the Potentilla mooniana Wight. root on the basis of pharmacognostical and phytochemical aspects.
MATERIAL AND METHODS
Plant material
The fresh roots were collected from the different regions and districts of the state Meghalaya, Northeast India. The place where the sampling was done includes various regions of West Jaintia Hills district ( Jowai, Mihmyntdu, Chyrmang) and East Jaintia Hills district (Ladrymbai, Khliehriat, Tuber). The botanical authentication of all the specimen was done by Dr. N Odyuo (Scientist C In-Charge) Botanical survey of India, Shillong, Meghalaya, India and the plant was identified as Potentilla mooniana Wight. (Synonym: Potentilla polyphylla Wall. ex Lehm) (Letter No.: BSI/ERC/2010/ Plant identification/281) belonging to the family Rosaceae. For future references a voucher specimen (COG/ PM-017/2010) has been deposited at the Pharmacognosy Research Laboratory, Department of Pharmaceutics, Indian Institute of Technology, Banaras Hindu University, Varanasi-221 005.
The fresh roots were washed thoroughly in running tap water and dried under shade. The dried root was coarsely powdered using mechanical grinder, passes through sieve no. 60 and stored at room temperature until extraction. The grounded powder (1kg) was exhaustively extracted with 3.0L ethanol (95%, v/v) in a soxhlet apparatus for 3 days. The extract was filtered and the filtrate obtained was evaporated under reduced pressure to obtain the dried ethanolic extract of Potentilla mooniana (EPM) which was finally stored under desiccator to dryness. Preparation of various successive fractions from the ethanolic root extract of EPM obtained by soxhlation was done by suspending the extract in aqueous medium and then partitioned with solvents of increasing chemical polarity (hexane, chloroform, ethyl acetate and butanol). All the successive fractions were dried and subjected for phytochemical investigation.
Pharmacognostical studies
Morphological, histological and powder study
The morphological and histological study of the roots was done based on the method described by Brain and Turner (1975) and Khandelwal (2007) . [6, 7] Morphologically, the roots were evaluated for the external characters such as texture, size, shape, fracture and organoleptic characters such as colour, odour and taste. For histological sectioning, the fresh roots were preserved in n-butyl alcohol of varying proportional strength and the sections were taken with the help of rotary microtome (York Scientific Industries Pvt. Ltd.). The sections thus obtained (3-5µm thickness) were dehydrated with varying strength of absolute alcohol and then stained with saffranin and fast green solution. Staining of the section was also done with phloroglucinol and hydrochloric acid. Finally, the stained sections were permanently mounted with DPX for histological observation. [8] For the study of macerated tissue and isolated cells, pieces of roots were macerated with the mixture of concentrated nitric acid and potassium chlorate, washed with distilled water and finally mounted in glycerine for observation. Photographs of different magnifications were taken with Nikon digital microscope (eclipse E200). For normal observations bright field was used whereas for the study of crystals, fibres and lignified cells, polarized light was employed.
Physicochemical estimation
The physicochemical constants of the air-dried powdered roots was determined as per the methods provided in WHO guidelines on 'Quality control methods for medicinal plants material' and 'Indian Herbal Pharmacopoeia' (IHP 2002) . [9, 10] Physicochemical parameters estimated are foreign matter, loss on drying, ash values, extractive values, swelling index, foaming index, heamolytic index and volatile oil estimation.
Fluorescence powdered drug analysis
Fluorescence analysis of the powder drug was carried out according to the method of Chase and Pratt (1949) and Kokoski et al., (1958) .
Quantification of starch grains and crude fibre content
The quantitative determination of starch grains was done following the Wallis's Lycopodium spore method. [7] The amount of starch grain obtained was expressed in terms of number of starch grains per milligram of powder. For the determination of crude fibre content the standard Dutch method was followed. [7] Accurately weighed sample of the root was boiled with 10% nitric acid followed by treating with 2.5% NaOH. The crude fibre thus obtained was filtered, weighed and the calculation was expressed in terms of % w/w of crude fibre present in air dried plant material.
Pesticide residue and heavy metal estimation
The quantification of pesticide residue was estimated following the methods described in WHO guidelines 2002. [9] In the present investigation four important heavy metals were estimated viz. Pb, Hg, Zn and Cd. Two gram of powdered drug was digested with 10mL conc. HNO 3 followed by heating in a hot plate for 15 min at 95°C. This process was repeated twice for another 30 min until the red fumes of nitric acid disappears. The solution was cooled and 2mL of deionised water and 3mL hydrogen peroxide (30% v/v) was added to start the peroxide reaction. After the reaction was completed, add 5mL of conc. HCl and 10mL deionised water and heat the sample for an additional 15 min. The sample was cooled, filtered and make up to 50mL volume. The estimation of heavy metals was analyzed by using atomic absorption spectroscopy (Shimadzu-AA6300). [13] 
Phytochemical evaluation
Preliminary screening of phytochemical classes
The preliminary phytochemical screening of EPM and its sub-fractions was analyzed as per the standard procedure described by Khandelwal (2007) and Harborne (1984) . [7, 14] Qualitative test were screened for various phytochemical classes such as alkaloids, glycosides, phenolics, tannins, flavonoids, steroids/triterpenes, saponins, mucilages, proteins, amino acid and carbohydrates components.
Thin layer chromatographic fingerprinting (TLC)
Preparation of sample/standard solution, selection of stationary/mobile phase and developing of chromatogram was done as per the methods described by Wagner and Bladt (1984) . [15] For the identification of the presence of various phytochemical classes, spraying reagents used were composed of fast blue salt reagent (FBS) followed by 10% KOH (for polyphenolics classes), ninhydrin reagent (for amino acids), Liebermann-Burchard reagent (saponins/triterpenoids components) and benzidine sodium metaperiodate reagent (for glycosides or sugars). For the analysis of coumarins and anthraquinones component the plates were sprayed with 10% KOH and finally monitored under UV light (254 and 365nm).
Quantitative estimation of phytoconstituents
Diverse phytochemical classes present in EPM was spectophotometrically quantified for total phenolics, [16] tannins, [16] flavonoids and flavonol, [17] saponins, [18] sapogenin [19] and total carbohydrate content (anthrone methods). [20] Standard curve was plotted using different classes of marker components such as tannic acid (total phenolic and tannin estimation), Disogenin (total saponin and sapogenin estimation), and D-fructose (carbohydrate estimation); whereas, for total flavonoid and flavonol content standard rutin was used as external standard. All the results were carried out in triplicates and were expressed as the Mean±S.E.M using statistical linear regression method.
RESULTS
Pharmacognostical evaluation
Morphological, histological and powder evaluation
The roots of P. mooniana were observed to be externally brown to slightly blackish in colour and internally buff white to light brown in colour. The roots are slightly longitudinally wrinkled, smaller in size, cylindrical and slender in shape, mild astringent but bitter in taste. Fractures of the roots when dried are short and brittle. The younger roots are having the size of 2-8cm long and 0.1-0.5cm diameter while the mature ones are at the maximum size of 10-25cm long and up to 1cm thick. Numerous root hairs are also seen originating from the main root and are fibrous in nature (Figure 1 ).
The microscopical feature of P. mooniana root was represented in the figure 2. The transverse section showed the presence of the outermost layer of bark showing secondary growth and comprises of a 10-15 layers of compressed brick to rectangular shaped cork cells. The cork cells are dark brown due to the presence of tannins cells and are histochemically stained blue or brown colour with diluted solution of ferric chloride (5%). Cork is followed 
Physiochemical estimation
The results for the quantitative physicochemical constants of the air dried powder material were represented in the table 1. Table 2 represents the results of fluorescence powdered characteristics of P. mooniana roots in day light as well as under long UV light (365nm). The colour intensity of the mixture was analyzed by comparing sample colour with the standard colour index chart. 
Fluorescence powdered drug analysis
Quantification of starch grains and crude fibre content
The number of starch grains present in the roots was quantified and the value was found to be 1, 20, 101 number of starch grains per milligram of the powder. Crude fibre content was estimated in the root and was found to contain 15% w/w per gram of the plant material.
Pesticide residue content and heavy metals estimation
The quantification of pesticide residue (expressed in terms of mg/kg) and heavy metals content (in PPM) were calculated and represented in table 1.
Phytochemical evaluation
Yield of sub-fractions and preliminary phytochemical screening
The percentage yield (% w/w) of all the sub-fractions obtained by successive fractionation from EPM was found to be, ethyl acetate (30%) > aqueous (26.3%) > butanol (16.6%) > chloroform (14.0%) > hexane (1.98%). Preliminary phytochemical screening of EPM and sub-fractions showed the present of various phytoconstituents like glycosides, flavonoids, phenolics, tannins, steroids, proteins, amino acids and carbohydrates components (Table 3) .
Thin layer chromatographic analysis (TLC)
Polyphenolics was observed to produce reddish brown colour with FBS reagent with an R f values ranging from 0.30-0.68. Amino acid classes were found to be present in both the ethanolic extract and aqueous fraction (R f of 0.6-0.8). Steroidal or saponin components (R f values 0.45-0.80) showed bright sand colour under UV light and purple blue colour in ordinary light after derivatization. Coumarins (bright blue colour fluorescence, R f value of 0.75) and anthraquinones (red colour fluorescence, R f value of 0.6) was found to be present in the EPM, chloroform and ethyl acetate fractions which can be confirmed after spraying with 10% KOH. Glycosidal or sugar components (R f value of 0.1-0.2) after derivatization give yellowish to buff colour in blue background.
Quantitative estimation of various classes of phytochemicals
The quantitative estimation of phytoconstituents present in EPM was found to contain total phenolics (8.42% w/w), total tannins (6.53% w/w), total carbohydrates (5.67% w/w), total saponins (2.1% w/w), total sapogenins (1.5% w/w), total flavonoids (0.9% w/w) and total flavonols components of 0.2% w/w.
DISCUSSION
Standardization of medicinal plants is one of the foremost steps to be carried out in order to achieve the correct authenticity and identity of crude drug and for revealing its genuine nature. [21] As per the WHO guidelines and other official Pharmacopoeias, botanical standards are to be proposed as a protocol for the diagnosis of any organized or unorganized crude drugs. [22] Any crude drugs obtained from natural sources should be standardized pharmacognostically before its monograph is to be established officially in any Pharmacopoeia. Hence, the present study was aimed to develop a standard monograph profile for P. mooniana roots which will be helpful for the identification of this plant and also will prevent the possible steps of adulteration from other Potentilla species.
Pharmacognostically, the characterization of medicinal plants on the basis of macroscopical and microscopical aspects are still considered to be the primary steps for identifying the crude drugs. [23] Evaluation of crude drugs on the basis of physicochemical aspects mainly helps in establishing its quality control profile. Some physicochemical features of pharmacognostical importance quantified in the present study include the amount of ash values, swelling index, foaming index, haemolytic index and volatile oil determination. Furthermore, pesticide residue content and heavy metals quantification are necessary since the presence of a high level of these residues can cause a detrimental health hazard. Pesticide residue content obtained by column chromatography was quantified and showed to contain both chlorinated and phosphate pesticide, but the values was found to be within the limit as prescribe by the WHO guidelines (0.05-0.1mg/kg crude drug). The assimilation of heavy and toxic metals in plants is well known. These metals have great tendency to accumulate in living organisms including human beings. Despite being essential for plant growth and/or human nutrition, several elements may also be toxic at high concentrations, for example Cu, Mo, Ni or Zn. Other non-essential elements such as As, Cd, Hg and Pb, may also inadvertently enter the food chain through ingestion of contaminated plants and pose health risks to humans and animals. [24] The presence of such metals above the permissible levels can cause various consequences in human's physiological system. Hence, the W.H.O recommends that medicinal plants which form the raw materials for various medicines should be checked for the levels of contaminants such as heavy toxic metals. In our present investigation it was observed that the levels of four tested heavy metals (Pb, Cd, Zn, Hg) falls within the limits prescribe by the WHO 1998 and FAO 1984, thus ensuring that the roots are free from heavy metals contamination.
Furthermore, the present study also involves the evaluation of fluorescence pattern and quantification of both the starch grain and crude fibre content which are important characteristics and can serves as diagnostic features of multiple applications according to the peculiarities and origin of the plant materials to be determined. [21] The phytochemical study qualitatively reveals the presence of certain classes of phytoconstituents and their quantification using spectrophotometric techniques has also been estimated in the present study. Extractive values helps in determining the amount of active phytoconstituents present in the crude extract, whereas successive fractionation facilitate in separating and enriching the individual fraction with the components having similar chemical polarity. TLC clearly depicts the separation of the individual phytoconstituents which can be easily identified from the chromatogram. The phytochemicals quantified in the present study might exhibit a great deal of medicinal and therapeutic importance. Majority of the phytochemicals present in the P. mooniana extract was found to be of polyphenolics (tannins, phenolics), saponins and carbohydrates. Many authors reported the usefulness and therapeutic importance of the plant polyphenolics in maintaining health care benefits. They contribute as one of the major groups of compounds acting as primary antioxidant or free radical terminators. [25] The antioxidant activity of the polyphenolic components were attributed mainly to their redox properties, which allow them to act as reducing agents, hydrogen donators, singlet oxygen quenchers and also have metal chelating properties. [26] However, in addition to their antioxidative property, polyphenolics also have other specific biological activities which are proven to be effective in the treatment of gastric ulcers, [27] cancer and cardiovascular disease. [28] Most of the Potentilla species such as P. fulgens, P. alba, P. fruticosa, P. freyniana, P. chinensis, P. fragarioides, P. viscose, P. erecta, P. anserina, P. argentea, P. aurea, P. palustris, P. reptans and P. tabernaemontani has been well proven scientifically to have antioxidant property in various in vitro and in vivo models. [29, 30] Hence a study on the antioxidative property on P. mooniana plant will be of great importance which can be co-related with the polyphenolics present in the roots.
In addition, in our previous investigation we have also successfully standardized the roots of Potentilla fulgens Wall. on the basis of pharmacognostical and phytochemical aspect. [31] The results of the present study suggested that the roots of P. mooniana differ manifestly from P. fulgens both pharmacognostically and phytochemically which can be represented in Table 4 .
CONCLUSION
In conclusion, the overall studies on pharmacognostic and phytochemical features may serve as an important tool for the identification and purity of this plant. Moreover, the parameters estimated in the present study will also aid in maintaining the genuine nature of this plant thereby helps in preventing the possible steps of adulteration/substitution with other Potentilla species. Table 4 . General comparative profile and diagnostic features of P. mooniana and P. fulgens.
Root features
Potentilla mooniana Potentilla fulgens [31] Morphological characters 
